Objective: Determine rates of local excision (LE) over time, and test the hypothesis that LE carries increased oncologic risks but reduced perioperative morbidity when compared with standard resection (SR). Summary Background Data: Despite the lack of level I/level II evidence supporting its oncologic adequacy, LE is performed for stage I rectal cancer. Methods: Surgical therapy for 35,179 patients with stage I rectal cancer diagnosed in 1989 to 2003 was examined over time, utilizing the National Cancer Database. A special study then analyzed perioperative outcomes, local recurrence and survival in 2124 patients diagnosed between 1994 and 1996, including 765 (T1, 601; T2, 164) treated by LE and 1359 (T1, 493; T2, 866) treated by SR. Results: From 1989 to 2003, the use of LE has increased (T1, 26.6 -43.7%; T2, 5.8 -16.8%; P Ͻ 0.001 both). The special study demonstrated significantly lower 30-day morbidity after LE versus SR (5.6% vs. 14.6%; P Ͻ 0.001). After adjusting for patient and tumor characteristics, the 5-year local recurrence after LE versus SR was 12.5 versus 6.9% (P ϭ 0.003; hazard ratio ϭ 0.38; 95% CI, 0.23-0.62) for T1 tumors, and 22.1 versus 15.1% (P ϭ 0.01; hazard ratio ϭ 0.69; 95% CI, 0.44 -1.07) for T2 tumors. The 5-year overall survival (T1, 77.4% vs. 81.7%, P ϭ 0.09; T2, 67.6% vs. 76.5%, P ϭ 0.01) was influenced by age and comorbidities but not the type of surgery.
I n recent years, local excision (LE) has gained appeal as a treatment strategy for distal rectal cancer because it eliminates the need for colostomy, spares patients major perioperative risks, and maintains favorable functional results. 1, 2 However, accepting LE as curative therapy for stage I rectal cancer demands a careful analysis of its oncologic risks because standard resection (SR) procedures that remove the rectum with its surrounding lymph nodes have achieved excellent oncologic outcomes and are regarded as the gold standard. 1, 3 The oncologic adequacy of LE has remained controversial for several reasons. First, selection criteria for LE have historically been based on tumor location and size, 4,5 rather than standard TNM staging. 6 Proper TNM staging remains difficult because of the variable accuracy and limitations of preoperative imaging. Second, LE provides inadequate nodal staging and treatment in some patients since LE does not remove regional lymph nodes and up to 20% of stage I rectal cancers harbor occult nodal metastases. [7] [8] [9] Third, reported oncologic outcomes of LE have been concerning, with local failure rates as high as 18% for T1 and 47% for T2 tumors. 9 -11 Recurrence rate persists at 11%, 12 even with adjuvant therapy, and survival is only 43% to 58% at best after salvage surgery for local failure. 9, 11, 13, 14 Finally, prior reports have been limited to single institution studies with small and heterogeneous populations of patients and tumors 15, 16 treated with or without adjuvant therapy. 9 -11,17-19 Therefore, while perioperative safety and functional advantages may favor LE versus SR, the oncologic outcomes of survival and local tumor control remain insufficiently defined to accept LE as a curative surgical strategy for stage I rectal cancer. Accordingly, the current study draws on a quality-controlled nationwide oncology database: 1) to determine trends in the use of LE for stage I rectal cancer; and 2) to test the hypothesis that LE is associated with compromised oncologic outcomes but reduced perioperative morbidity, when compared with SR.
METHODS

Sources of Data
The National Cancer Database (NCDB) is a joint project of the Commission on Cancer (CoC) of the American College of Surgeons (ACS) and the American Cancer Society. It currently captures approximately 75% of all new cancer patients diagnosed and treated in the United States annually. Data are collected from tumor registries at over 1400 ACS CoC-approved institutions. 20 Additional methodologies of the NCDB have been described previously. 21 Between January 1, 1989 and December 31, 2003, 47,241 American Joint Commission on Cancer (AJCC) stage I (T1 and T2) malignant adenocarcinomas of the rectum were reported to the NCDB. For the time-trend analysis, we selected adult (Ն18-year-old) patients reported from 997 institutions that submitted to the NCDB every year from 1989 to 2003. Patients who underwent local tumor destruction without pathologic specimen (ie, electrocoagulation, laser or cryosurgery; n ϭ 1590), who did not undergo surgery or whose surgical therapy could not be determined (n ϭ 10,472) were excluded, leaving 35,179 patients meeting selection criteria.
A special study was subsequently performed in a sample of the 5305 patients treated from 1994 through 1996, to allow long-term (5-8 years) follow-up ( Fig. 1 ). To establish perioperative and oncologic outcomes after LE versus SR, detailed clinical data not routinely submitted to the NCDB were specifically requested from 479 hospitals offering both LE and SR as surgical options. A maximum of 11 patients were requested from each hospital since the mean number of eligible patients at each was 6.7, with a standard deviation of 4.1. Hospitals with 11 or fewer eligible patients submitted all patients and those with 12 or more submitted 11 cases identified by a random sample stratified by surgery (LE vs. SR). Patients who received chemotherapy or radiation in neoadjuvant or adjuvant settings in conjunction with surgical intervention, 176 patients with T1 tumors and 308 patients with T2 tumors, were excluded from the study cohort ( Fig. 1 ). After further exclusions ( Fig. 1 ), the final analytic cohort for the special study included a total of 2124 patients: 1094 with T1 and 1030 with T2 rectal tumors.
Submitted data were coded according to the CoC Registry Operations and Data Standards Manual, the AJCC Manual for Staging of Cancer, and the International Classification of Disease for Oncology, 2nd edition. To reduce data errors, underreporting and bias in reporting, all data were extracted from medical records by trained and certified tumor registrars, subsequently verified by a physician member of the hospital cancer committee, and then further reviewed and validated at the institution before submission to the NCDB. The ACS has executed a business agreement that includes a data-use agreement with each of its CoC-approved hospitals. Data were de-identified and submitted to the NCDB in compliance with the Health Insurance Portability and Accountability Act of 1996. The Duke University Institutional Review Board granted this study an exemption waiver.
Data Definitions
Age at diagnosis, sex, and race/ethnicity were assessed because they may affect both the surgical procedure and the outcomes. Race/ethnicity was coded by institutional tumor registrars based on patient-supplied information, according to the NCDB data element descriptions standard among U.S. cancer registries. Household income was estimated from patient's zip code at diagnosis as linked to U.S. census data. Key comorbid conditions and postoperative complications were defined a priori by the investigators. Comorbidities included: myocardial infarction, angina, arrhythmia, hypertension, congestive heart failure, peripheral vascular disease, chronic obstructive pulmonary disease, coagulopathy, deep venous throm- These diagnoses were specifically extracted from medical records by tumor registrars accordingly. Treating hospitals were either community cancer centers (treating 300 or fewer cancer cases annually), comprehensive community cancer centers (treating more than 300 cancer cases annually), or teaching-research centers (associated with university medical schools or designated as National Cancer Institute Comprehensive Cancer Care Programs). "Low"-lying tumors were located within 5 cms of the anal verge on preoperative proctoscopy, while "mid to high" tumors were located within 5 to 10 cm. Tumors were measured by their greatest diameter. Histologic grade was either low (moderately well-/well-differentiated) or high (poorly/undifferentiated). The presence of lymphatic, vascular or perineural invasion was noted. Local excision and SR procedures were defined according to International Classification of Dieases-9-Clinical Modification (ICD-9-CM) codes (Table 1) . Postoperative mortality (death within 30 days of surgery or prior to hospital discharge), morbidity (complications within 30 days of surgery leading to rehospitalization), and length of stay were analyzed. The frequency of follow-up was according to the practices of treating physicians. Time to local recurrence (LR) was defined as time from surgical resection to the detection of pelvic recurrence by clinical or radiologic examinations. All patients were followed for a minimum of 5 years or until death (if occurring prior to 5 years). The median lengths of follow-up after LE and SR were 6.3 and 6.4 years (T1 tumors), and 5.7 and 6.3 years (T2 tumors).
Statistical Analysis
After determining the annual rates of LE from 1989 to 2003, the Cochran-Armitage trend test on 1 degree of freedom was used to detect changes in rates over time. In the special study, patient and tumor characteristics, and perioperative outcomes were compared between LE and SR by one-way ANOVA for continuous variables or 2 test for categorical values. All statistical tests were two-sided with a significance level of 0.05. Overall survival (OS), diseasespecific survival (DSS), and LR rates were analyzed using the Kaplan-Meier method. Estimates of statistical power used the two-sided log-rank test for equity of survival curves with a significance level of 0.05 and a power level of 0.9. Prognostic factors for OS and LR were identified using Cox proportional hazard models. All data analyses were performed by standard statistical software (SPSS for Windows, Advanced Statistics, release 12; SPSS Inc., Chicago, IL).
RESULTS
Time Trends
From 35,179 patients with stage I rectal cancer, T1 lesions were identified in 43.8% and T2 in 56.2%. Local excision was performed in a significantly higher proportion of patients with T1 tumors (37.9%) than T2 tumors (12%) for the overall study period (P Ͻ 0.001). From 1989 to 2003, rates of LE significantly increased, both for T1 lesions (26.6% in 1989 vs. 43.7% in 2003, P Ͻ 0.001) and T2 lesions (5.8% in 1989 vs. 16 .8% in 2003, P Ͻ 0.001; Fig. 2 ).
Further results, described below, pertain to the 1094 patients with T1 and 1030 patients with T2 tumors investigated in the special study. 
Patient and Tumor Characteristics
In the special study, 55% of T1 tumors and 16% of T2 tumors were treated by LE. In patients with T1 tumors, the choice of LE versus SR was not influenced by patient age, sex, race/ethnicity, household income, the number of comorbid con-ditions, or hospital type (Table 2) . However, T2 patients treated with LE were more likely to be elderly (P ϭ 0.003) and female (P ϭ 0.01). For both T1 and T2 tumors, selection for LE favored low-lying and small (Յ2 cm in size) lesions; however, more low-grade T1 tumors but high-grade T2 tumors were treated by LE. 
Perioperative Outcomes
Postoperative mortality was low after both LE (4 patients, 0.5%) and SR (25 patients, 1.8%). However, the overall morbidity rate was significantly lower after LE than SR ( Table 2 ). Gastrointestinal and infectious complications were more common after SR than LE, although the frequency of bleeding/hematoma was similar (Table 3) . Significantly longer hospital stay occurred after SR (Table 3) .
Oncologic Outcomes
For T1 tumors, the OS after LE versus SR were: 77.4 versus 81.7% at 5 years and 61.7 versus 66.3% at 8 years, and the survival curves did not statistically differ (P ϭ 0.09; Fig.  3A ). However, the 5-year DSS was significantly lower after LE (93.2 vs. 97.2%, P ϭ 0.004; Fig. 3B ). For T2 tumors, the OS was lower after LE than SR at 5 years (67.6 vs. 76.5%; P ϭ 0.01; Fig. 3A ), while the DSS did not differ (90.2 vs. 91.7% at 5 years; P ϭ 0.95; Fig. 3B ).
For T1 tumors, disease recurrence was reported as local/regional in 46 (8.2%) and 20 (4.3%), and as distant in 20 (3.6%) and 12 (2.6%) patients after LE and SR respectively. Among T2 tumors, tumor recurrence was local/regional in 20 (12.6%) and 60 (7.2%), and distant in 8 (5.0%) and 64 (7.7%) patients treated by LE and SR respectively. Patients who underwent R0 resection were analyzed for local-regional recurrence over time ( Fig. 4) . For T1 tumors, the 5-year LR was 12.5% after LE, significantly higher than that after SR (6.9%; P ϭ 0.003), with the difference persisting through 8 years of follow-up (14.3 vs. 8.5%; P ϭ 0.007). For T2 tumors, 5-year LR rates were also higher after LE (22.1 vs. 15.1% in SR; P ϭ 0.01).
Factors Influencing Oncologic Outcomes
For both T1 and T2 tumors, significant predictors of poor 5-year OS included: age Ն75-year-old and the presence of 2 or more comorbid conditions (Table 4 ), but not the type of surgery (T1: hazard ratio, 0.88; 95% CI, 0.68 -1.14; T2: hazard ratio, 0.83; 95% CI, 0.61-1.11). Other covariates, including sex, race/ethnicity, income, tumor size, tumor location, histologic grade, or evidence of invasion, did not affect OS (all 95% CIs included 1.0).
Local failure of T1 tumors was significantly predicted by the type of surgery (Table 4) , with LE conferring a nearly 3-fold increase in the risk of LR. Other significant predictors included high tumor grade and the presence of 2 or more comorbidities (Table 4 ). In T2 tumors, factors predictive of LR included only tumor grade ( Table 4 ). The effect of surgery did not reach statistical significance (hazard ratio, 0.69; 95% CI, 0.44 -1.07).
DISCUSSION
Although the rate of LE for stage I rectal cancer has nearly doubled over a 15-year period (almost half of the patients with T1 tumors are currently being treated with LE) until now, there has been no level I or II evidence to support this practice. This large nationwide cohort study represents the best available information defining the perioperative morbidity and oncologic outcomes associated with LE. The NCDB data were collected from nearly 500 hospitals representing diverse practices utilizing both LE and SR for stage I rectal cancer. Furthermore, the quality of the data has met the approval standards of the CoC, including standardized tumor staging, oncologic outcome assessments, and long-term follow-up. The special study (1994 -1996) offered a unique opportunity to examine patient and tumor factors influencing the selection of surgical therapy on a national level.
This study quantified the increasing utilization of LE from 1989 to 2003. Furthermore, it confirmed the significant perioperative benefits of LE: less postoperative morbidity and shorter length of hospital stay. Focused examination of the surgical practice during 1994 to 1996 revealed that selection of patients for LE favored tumor characteristics (low-lying, small, low-grade, without evidence of invasion) for T1 rectal cancer, but was more discriminating based on both patient and tumor factors (advanced age, female, low-lying, small, but high-grade tumors) for T2 rectal cancer.
Patients with T1 tumors treated with SR have historically enjoyed excellent oncologic outcomes. In contrast, this study demonstrates that despite favorable tumor characteristics, local failure rates were significantly higher, and DSS lower after LE, as compared with SR. A nearly 3-fold risk for local failure was associated with LE compared with SR, even after adjusting for covariates. These results are not dissimilar to those reported in the 1980s 22, 23 and recently reestablished ( Table 5 ). Indeed, the LR rates after LE in our study (12.5% in T1 and 22.2% in T2) are less alarming than the 15% to 40% described by others. 10, 11, 17, 18, [22] [23] [24] Taken together, these findings establish that LE is associated with inferior tumor control than SR.
Despite worse tumor control, a paradoxical, yet unequivocal, increase in the practice of LE for T1 tumors has been observed. Since tumor control is considered an important endpoint for rectal cancer, it is difficult to reconcile the practice trends with inferior oncologic outcomes; several Alternatively, OS rather than disease control may be considered the critical endpoint by patients. The endpoint of OS for T1 tumors was not compromised after LE versus SR with extended follow-up (up to 8 years) in our study, suggesting that in the time period 1994 to 1996, the criteria applied by surgeons in selecting patients for LE have been largely appropriate with respect to OS. Finally, and most likely, complex decision-making processes are occurring and the answer to the increased trend of LE resides in nononcologic factors, including the significant perioperative benefits found in this study, as well as functional and quality of life gains associated with stoma avoidance and sphincter preservation. 25 In summary, while the paradoxical increase in the practice of LE for T1 tumors may not be oncologically sound, it is evident that physicians and patients are accepting the trade-offs among local recurrence, overall survival, and perioperative and long-term functional benefits. With proper selection of T1 tumors with favorable biology, acceptable long-term OS can be achieved with LE. However, in exchange for significantly reduced morbidities in the perioperative period, LE is associated with significantly worse local control in the long-term. In current practice, for each individual patient, the benefits of LE must be balanced against the heightened risks of local failure. For the future, research efforts should be placed on enhancing the accuracy of clinical decision-making. This can be accomplished using multiple strategies, including the construction of decision analyses with information from large, standardized databases, such as provided in this report. Additionally, the staging of rectal cancer can be enhanced through the wider availability of endorectal ultrasound and magnetic resonance imaging and/or through the use of genomic and proteomic profiling. Patient interest in LE should be matched by clinical research efforts aimed at optimizing its oncologic outcomes.
Drawing generalized conclusions regarding the use of LE for T2 tumors is more difficult. The significantly smaller sample size of T2 tumors treated by LE in our study limited the ability to assess the true oncologic impact of LE. Although the 5-year OS was inferior after LE versus SR, OS was strongly impacted by nononcologic factors related to patient selection (ie, elderly age and multiple comorbidities) rather than the type of surgery. The presence of strong selection bias is further evidenced by the higher proportion of high-grade T2 tumors treated by LE. While reported survival rates are consistent with those previously reported, 11 all studies are limited by selection biases inherent in their observational nature and thus highlight the need for prospective investigations. Furthermore, our study reported substantial rates of local failure after either procedure: 22.1% after LE and 15.1% after SR. Recently, adjuvant or neoadjuvant therapy, commonly used to treat advanced-stage rectal cancers, has been increasingly considered for T2 tumors treated by LE. 12, 18, 26 However, substantial pelvic organ complications (eg, diarrhea, proctitis, fistula formation, and stricture, pelvic fractures) [27] [28] [29] [30] [31] and dysfunctions 32 have been attributed to chemoradiation. The balance between ameliorating adverse oncologic risks and compromising functional outcomes should be adjudicated in the setting of clinical trials involving stage I rectal cancers. Such a trial of neoadjuvant chemoradiation and LE for T2N0 rectal tumors (ACOSOG Z6041) is currently underway at the American College of Surgeons Oncology Group. 33 Thus, for T2 tumors, the incomplete understanding of the oncologic outcomes of LE alone based on available retrospective data, and the still ongoing investigation of LE plus additional therapy, caution against a wider application of LE in this patient population.
CONCLUSION
On a national level, the proportion of patients with stage I rectal cancer treated by LE has dramatically increased over time. For patients with T1 rectal tumors, the selection for LE favored small, low-grade, distal tumors without evidence of invasion. Appropriately selected patients may expect acceptable OS after LE but experience a nearly 3-fold increased risk of local failure in the long-term, in exchange for reduced morbidities in the short-term. Thus, the decision regarding LE versus SR in this patient population requires an individualized analysis of the benefits and risks. For patients with T2 tumors, the selection for LE was highly restrictive based on both patient and tumor factors. The observed increase in local failure and compromise in OS may reflect selection bias rather than the true oncologic impact of LE versus SR but raise caution against an expanded practice of LE in T2 tumors.
